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5 METHOD AND DEVICES FQR DELIVERING pRVQS BY INHAIATIQN 

Cross References 

This application is a continuation-in-part of 
10 earlier filed pending U.S. application Serial No. 

07/967 r 638, filed October 28, 1992, to which application 
is claimed priority under 35 U.S.C. § 120 and which 
application is incorporated herein by reference in its 
entirety. 

15 

Field of the invention 

This invention relates generally to the field 
of methods and devices for the administration of 
pharmaceutical^ active drugs. More specifically, this 
20 invention relates to methods of delivering drugs by 

inhalation and to devices and drug dosage units used in 
such methods. 

Packgrounfl o£ the invention 

25 Known devices for delivering aerosol medication 

for inhalation by a patient include metered dose inhalers 
that are manually operated and/or breath actuated. 
Breath actuated inhalers typically contain a pressurized 
propellant and provide a metered dose automatically when 

30 the patient's inspiratory effort either moves a 

mechanical lever or the detected flow rises above a 
preset threshold, as detected by a hot wire anemometer. 
See, for example, U.S. Patents 3,187,748; 3,565,070; 
3,814,297; 3,826,413; 4,592,348; 4,648,393; 4,803,978; 

35 
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4,896,832; and a product available from 3M Healthcare 
known as Aerosol Sheathed Actuator and Cap. 

A major problem with manual metered dose 
inhalers is that the patient frequently actuates the 
5 device at the incorrect time during inspiratory flow to 
obtain the benefits of the intended drug therapy or 
during expiration. Thus, patients may inspire too little 
medication, or take a second dose and receive too much 
medication. The problem is, therefore, the inability to 

10 administer precise dosages. 

One problem with breath activated drug delivery 
is that the dose is triggered on crossing a fixed 
threshold inspiratory effort. Thus, an inspiration 
efforts may be sufficient to release a metered dose, but 

15 the inspiratory flow following the release may not be 

sufficient to cause the aerosol medication to pass into 
the desired portion of the patient's airways. Another 
problem exists with patients whose inspiratory effort is 
not sufficient to rise above the threshold to trigger the 

20 release valve at all. Yet smother problem is that the 
particle size can vary greatly and larger particles 
cannot enter the smaller lung passages and therefore are 
not delivered to the same degree and/or rate as are 
smaller particles. Any of these problems can make it 

25 difficult or impossible to monitor the delivery of a 
precise dosage of medication to a patient. 

Attempts have been made to solve the patient 
inspiration synchronization problem. U.S. Patent 
4,484,577 refers to using a bidirectional reed whistle to 

30 indicate to the patient the maximum rate of inhalation 
for desired delivery of the drug and flow restrictor to 
prevent the patient from inhaling too rapidly. U.S. 
Patent 3,991,304 refers to using biofeedback techniques 
to train the patient to adopt a desired breathing 

35 pattern. U.S. Patent 4,677,975 refers to using audible 
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signals and preselected time delays gated on the 
detection of inspiratory flow to indicate to the patient 
when to inspire and expire, and delivering inhalable 
material a selected time after the detected onset of 
5 flow. However, these devices also suffer from improper 
operation by patients who are not properly trained or do 
not conform their breathing to the instructed breathing 
pattern and whose inspiratory flow does not provide 
adequate delivery of the medication. Such problems make 
10 the delivery of predetermined dosages virtually 
impossible. 

Studies in Byron <ed.), Respiratory Dm ? 
Delivery, CRC Press, Inc. (1990); Newman et al., Thorax , 
1981, 36:52-55; Newman et al., Thorax . 1980, 35:234; 
15 Newman et al., Eur. J. Respir. Dia. , 1981, 62:3-21; and 
Newman et al., Am. Rev. Resnir. Dia., 1981, 124:317-320 
indicate that during a single breath of an aerosol 
compound, only about ten percent of the total aerosol 
material presented is deposited into the lungs and that 
20 the location of deposition in the lung depends upon 
(1) breath parameters such as volume of inspiration, 
inspiratory flow rate, inspiratory pause prior to 
expiration, the lung volume at the time the bolus of 
medication is administered, and expiratory flow rate, 
25 (2) the size, shape and density of the aerosol particles 
{i.e., the medicinal compound, any carrier, and 
propellant) , and (3) the physiological characteristics of 
the patient. Present devices and methods cannot 
eliminate these variables and as such cannot control 
30 dosage administration. 

The publications authored by Newman et al. 
refer to measuring inspired air with a pneumotachograph 
to obtain a flow rate signal, which is integrated by a 
computer to determine lung capacity. A determined lung 
35 capacity, as a percent of vital capacity, is used as a 
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threshold to actuate a solenoid to depress the canister 
of a manually actuated metered dose inhaler on the 
inspiration of the predetermined lung volume. 

A problem with existing metered dose inhalers, 
5 whether or not breath actuated, is that they are factory 
preset to deliver a fixed dose at a given particle size 
distribution. Such devices are not capable of reducing 
the dose to reflect improvement in the patient's 
condition, or selecting a maximum desired respirable 

10 fraction of the aerosol mist that is suitable for a 
desired location of delivery of the medication in the 
particular patient. 

Devices for controlling particle size of an 
aerosol are known. U.S. Patent 4,790,305 refers to 

15 controlling the particle size of a metered dose of 

aerosol for delivery to the walls of small bronchi and 
bronchioles by filling a first chamber with medication 
and a second chamber with air such that all of the air is 
inhaled prior to the inhaling medication, and using flow 

20 control orifices to control the flow rate. U.S. Patent 
4,926,852 refers to metering a dose of medication into a 
flow- through chamber that has orifices to limit the flow 
rate to control particle size. U.S. Patent 4,677,975 
refers to a nebulizer device that uses baffles to remove 

25 from any aerosol particles above a selected size. U.S. 

Patent 3,658,059 refers to a baffle that changes the size 
of an aperture in the passage of the suspension being 
inhaled to select the quantity and size of suspended 
particles delivered. A problem with these devices is 

30 that they process the aerosol after it is generated and 
thus are inefficient and wasteful. 

It is well known that pulmonary functions, such 
as forced expiratory volume in one second, forced vital 
capacity, and peak expiratory flow rate, can be measured 

35 based on measured flow rates and used to (1) diagnose the 



WO 94/09842 



PCI7US93/09781 



-5- 

existence of medical conditions, (2) prescribe 
medication, and (3) ascertain the efficiency of a drug 
therapy program. See, for example, U.S. Patents 
3,991,304 and 4,852,582 and the publications of Newman et 
5 al. discussed above. Heretofore, these tests have been 
performed using available spirometers. U.S. Patent 
4,852,582 also refers to using a peak flow rate meter to 
measure changes in peak flow rate before and after 
administration of a bronchodilator. The results of such 

10 tests before and after administration of several 

different medications are used to evaluate the efficiency 
of the medications. 

A problem with the foregoing pulmonary function 
test devices is that they are complicated for most 

15 patients to perform. Another problem is that the test 
data must be examined and interpreted by a trained 
medical practitioner to be meaningful. Another problem 
is that they do not provide adequately for altering the 
dosage of the medication administered in a single patient 

20 during the course of therapy, or from patient to patient, 
using the same delivery device for generating an aerosol 
of the same or different medications. 

Attempts have been made to solve many of the 
above -referred- to problems. However, inconsistent user 

25 compliance combined with undesirably large particle size 
continues to cause problems with obtaining precise 
dosing. 

Summary of the invent ion 

30 The delivery methodology and, in particular, 

the delivery of drugs by inhalation via the 
interpulmonary route is obtained by (1) heating a drug, 
preferably in the form of a thin solid layer of drug to a 
temperature such that at least a portion of the drug is 

35 converted to a gaseous state, and (2) inhaling a known 
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dosage amount of the gaseous drug into the lungs. The 
drug is preferably heated by an electrically heating 
means which can be precisely controlled and the amount of 
drug heated for delivery by a single administration is 
5 preferably 25 milligrams or less. 

The drug may have an immediate topical/local 
effect on lung tissues and/or enter the circulatory 
system of the patient. When the drug is controllably 
heated and converted to a gaseous state, it is reduced to 

10 its smallest possible particle size, i.e., molecular 

size, thereby maximizing the amount of lung surface area 
which can come into contact with the gaseous drug. 
Further, dosaging problems and drug waste caused by large 
particle sizes inherent within aerosolized systems are 

15 minimized by the very small and uniform size of the 
gaseous drug. 

In general, the method involves coating a thin 
layer of drug onto a surface where the drug can be 
heated. The drug may be coated on an article near a 

20 heating element or coated on the heating element in the 
form of an electrically conductive surface which can be 
heated by applying electrical energy. The amount of drug 
coated on the electrically conductive surface as well as 
the amount of energy applied can be precisely controlled 

25 in order to provide for the generation of a precise dose. 
The precise dose generated is administered to the patient 
without the problems inherent to conventional metered 
dose inhalers in that the dosage generated is molecular 
in size (completely uniform and small) and can readily be 

30 inhaled into the lungs and will thereafter be absorbed 
into the blood. 

In order to carry out the drug delivery 
methodology of the invention, interpulmonary drug 
delivery devices and drug delivery units used in those 

35 devices are provided. The drug delivery device includes 



WO 94/09842 



PCT/US93/09781 



a heating element, a drug vaporization chamber, a 
mouthpiece in connection with the chamber and a 
predetermined dose of a pharmaceutically active drug 
which is positioned in the chamber in such a manner that 
5 when the heating element is activated, a predetermined 
amount of the drug dose undergoes a phase transition to a 
gaseous state inside the chamber. The drug delivery unit 
is used in connection with the drug delivery device may 
be comprised of an electrically conductive material and a 
10 layer of pharmaceutically active drug coated on the 
conductive material or in close proximity with the 
conductive material such that when the conductive 
material is heated the drug is converted to a gaseous 
state. The drug may be maintained in the unit under a 
15 vacuum or reduced pressure and/or in an inert gas 

atmosphere. A plurality of drug delivery units can be 
provided with the drug delivery device so that the 
patient can use the device to delivery multiple doses 
over time. By adjusting the amount of drug heated and/or 
20 the amount of energy provided, the predetermined dosage 
of gaseous drug created can be controlled and varied in 
accordance with patient needs. The device may include an 
internal timer integrated with the heating means and/or 
dosage unit supply means so that the amount of the dosage 
25 created is varied with the time of day. For exanple, the 
largest dosage might be delivery in the morning and the 
amount decreased over the day. Other adjustments can be 
made to best match the chronobiology of the patient. 

In accordance with one general embodiment 
30 individual drug dosage units are coated with a drug by 
the manufacturer and the drug dosage units are loaded 
into the drug delivery device by the user which device 
heats the drug dosage unit until the drug is vaporized 
and thereafter inhaled by the user. The drug dOBage unit 
35 is then completely exhausted and discarded. However, in 
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accordance with a second embodiment, the drug delivery 
device is loaded with a container which contains multiple 
doses of a drug in liquid and preferably pressurized 
form. For example, the container could be a standard 
5 metered dose inhaler container containing the drug 

dispersed in a low boiling point propellant. The drug is 
then dispensed from the container onto the surface of a 
heating element. Any propellant within the container 
immediately "flashes" or evaporates leaving the drug 

10 present in a thin layer on the heating element. 

Thereafter, the heating element is activated and the drug 
is vaporized and inhaled by the user. 

An object of this invention is to provide 
devices, dosage units, systems, and methods for 

15 delivering drugs to a patient. 

Another object of this invention is to provide 
devices, dosage units, systems, and methods for 
delivering drugs wherein the particle size is highly 
uniform and is reduced to an absolute minimum, i.e., a 

20 molecular level. 

Yet another object of the invention is to 
provide drug delivery dosage units which can be used to 
provide precise, predetermined dosage amounts of drug to 
a patient by inhalation, i.e., via the interpulmonary 

25 route. 

Still another object of the invention is to 
provide a drug delivery device which can be loaded with a 
container charged with multiple doses of a drug which can 
be dispersed onto a surface, heated, vaporized and 
30 thereafter delivered to the patient. 

An advantage of the present invention is that 
by reducing the drug particle size to an absolute minimum 
molecular size it is possible to maximize the amount of 
lung surface area which the drug can enter through. 



35 
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Another advantage of the present invention is 
that due to the uniform and small molecular size of the 
gaseous drug, errors in patient administration are 
substantially eliminated in that large and variable sized 
5 aerosolized particles of drug will not be substantially 
wasted by misfires against the patient's mouth, tongue 
and/or throat. 

Another advantage of the invention is that 
drugs can be applied in uniform, predetermined amounts on 
10 the surface of lung tissues. 

Still another advantage of the invention is 
that the amount of energy applied and/or the amount of 
drug in the dosage unit can be varied over time so that 
different amounts of gaseous drug can be generated and 
15 delivered to the patient in a manner complying with the 
needs of the patient. 

Yet another advantage of the present invention 
is that it can be readily adapted for use with 
conventional metered dose inhaler containers in a manner 
20 which can dramatically improve the efficiency and 
accuracy of drug delivery to a patient. 

A feature of the present invention is that the 
thin layer of drug on the dosage unit can be readily and 
easily converted to a gaseous phase with a small amount 
25 of energy. 

Another feature of the present invention is 
that the drug can be converted to a gas from its thin 
layer at a relatively low temperature compared to its 
decomposition temperature, e.g. 10C° or more below its 
30 decomposition temperature. 

Another feature of the present invention is 
that the drug devices and drug dosage units are small in 
size and convenient to use. 

Yet another feature is that the gaseous drug is 
35 molecular and thus completely uniform in size. 
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These and other objects, advantages and 
features of the present invention will become apparent to 
those persons skilled in the art upon reading the details 
of the drug delivery methodology, dosage devices and 
5 dosage units as fully set forth below, reference being 
made to the accompanying drawings forming a part hereof. 

Brief Description of the Drawings 

Figure 1 is a plan view of a preferred 
10 embodiment of a drug delivery device of the present 
invention; 

Figure 2 is a plan view of a drug delivery unit 
of the present invention; 

Figure 3 is a cross -sectional plan view of an 
15 inductance coil heating means; 

Figure 4 is a plain view of another embodiment 
of a drug delivery device of the present invention, 
showing a pressurized drug formulation canister; 

Figure 5 is a perspective view of another 
20 embodiment of the invention; 

Figure 6 is a cross -sectional side view of the 
embodiment shown in Figure 5; 

Figure 7 is a cross -sectional rear view of the 
embodiment shown in Figure 5; 
25 Figure 8 is a cross -sectional top view of the 

embodiment shown in Figure 5; 

Figure 9 is a perspective view of another 
embodiment of a drug delivery unit. 

30 Detailed Description of Preferred Embodiments 

Before the present drug delivery methodology, 
devices and drug delivery units, as well as means for 
using and making such are described, it is to be 
understood that this invention is not limited to the 

35 particular methods, devices and units described as such 
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may, of course, vary. It is also to be understood that 
the terminology used herein is for the purpose of 
describing particular embodiments only, and is not 
intended to be limiting since the scope of the present 
5 invention will be limited only by the patented claims. 
It must be noted that as used in this 
disclosure and the appended claims, the singular forms 
"a, " "and, " and "the" include plural referents unless the 
context clearly dictates otherwise. Thus, for example, 

10 reference to "a drug" includes mixtures of drugs, 
reference to "an electrically conductive material" 
includes alloys of and several types of such materials, 
and reference to "the method of drug delivery" includes 
one or more different methodologies of the type known to 

15 those skilled in the art and which will become apparent 
to those skilled in the art upon reading this disclosure 
and so forth. 

Definitiona 

20 Unless defined otherwise, all technical and 

scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although methods and 
materials similar or equivalent to those described herein 

25 can be used in the practice or testing of the present 
invention, the preferred methods and materials are now 
described. All publications mentioned herein are 
incorporated herein by reference in their entirety and 
specifically with respect to disclosing and describing 

30 the particular technology in connection with which the 
publication is cited. 

The terms "drug" and "pharmaceutically active 
drug" are used interchangeably herein and are intended to 
encompass compounds which when administered to a living 

35 being induce a detect ible biological response. Preferred 
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drugs include those which are approved for sale by the 
Pood and Drug Administration as being safe and effective 
and further include compounds approved for sale in 
countries other than the United States. The terminology 
5 is intended to encompass those compounds which when 
administered to a patient induce a biological effect 
which is beneficial to the treatment of the patient and 
which benefit outweighs any detrimental effect to the 
patient . Accordingly, the terms "drug" and 
10 "pharmaceutically active drug" specifically exclude 

illegal compounds which have a significant effect on the 
neurological system without a corresponding medical 
benefit. 

The term "energy" is intended to encompass any 

15 form of energy capable of heating a drug to a temperature 
such that an amount of the drug is converted to a gaseous 
phase, but specifically excludes the use of open flames 
and/or ignited materials which must burn (i.e. undergo 
combustion) in order to generate heat. Preferred forms 

20 of energy include those which are generated by the 
administration of electrical energy in a controlled 
fashion and include lasers, metal coils and strips and 
induction coils. Particularly preferred energy sources 
are precisely controlled electrical heating means whereby 

25 the amount of heat generated is precisely controlled by 
the amount of electrical energy applied to an 
electrically conductive material as such a metal. 

The term "predetermined, amount" refers to the 
amount of drug coated on a drug dosage unit of the 

30 invention and/or the amount of gaseous drug vaporized 

from the dosage unit upon the application of energy which 
amount is known to an individual. The predetermined 
amount is preferably an amount which is effective in the 
treatment of a disease and/or symptom of a disease of the 

35 individual to which the drug is administered. The 
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predetertnined amount is preferably an amount which is 25 
milligrams or less and more preferably in the range of 
about 10 micrograms to 10 milligrams. The term 
"predetermined amount" is also intended to mean an amount 
5 of drug dispensed from a conventional metered dose 

inhaler container and/or other drug container upon the 
release of the valve. In general, the term 
"predetermined amount" refers to a known amount which 
amount is known to the manufacturer ,• caregiver and 

10 preferably the patient administering the drug. 

Conventional metered dose inhaler devices are designed 
such that when the valve is released, a predetermined or 
known amount is dispersed from the container and the same 
amount will be dispersed each time the valve is released 

15 in order to provide for repeatability in dosing. 

The term "gaseous drug" is intended to mean a 
drug by itself or in combination with an excipient 
material in a gaseous phase in that the drug has 
undergone a phase transition from a solid and/or liquid 

20 state to the gas phase. The "gaseous phase" of the drug 
encompasses a phase wherein the drug by itself or with 
excipient materials is reduced to its smallest possible 
size {i.e. molecular size) without being decomposed. 
Accordingly, the term is specifically intended to exclude 

25 aerosolized and/or nebulized forms of drugs which create 
particles which include large numbers of molecules in 
each particle. 

general Description 

30 Although a number of different embodiments 

to the methodology, devices and drug dosage units of the 
present invention can be contemplated, the present 
invention involves three basic aspects which include 
(1) the method of delivering a gaseous form of 

35 predetermined amount of a drug by inhalation, (2) devices 



WO 94/09842 



PCT/US93/09781 



-14- 

used in the method, and (3) drug dosage units used in the 
devices . 

The invention cam be carried out by coating a 
thin layer of pharmaceutical^ active drug on the surface 
5 of an electrically conductive material (e.g., metal) 
which can be heated by passing a current through the 
metal and thereby causing the drug to undergo a phase 
transition to a gaseous phase. The drug continues in its 
gaseous state for some time within the vapor chamber of 
10 the device and can be inhaled from there into the lungs 
of a patient. The gaseous drug will be in molecular- 
sized particles, each of which will be completely uniform 
in size and shape and in the smallest possible particle 
size, i.e., molecular size. Accordingly, the drug can be 
15 easily inhaled into the lungs and will utilize the 

maximum lung surface area which surface, when contacted, 
allows the drug to enter the lung tissue and/or enter 
into the circulatory system of the patient. 

The pharmaceutically active drug need not be 
20 coated directly onto the electrically conductive metal 
surface in order to produce a drug dosage unit of the 
present invention. The electrically conductive metal 
surface may be coated with an inert material and the drug 
coated on the surface of the inert material. This is 
25 done in order to avoid any interaction between the metal 
and the drug. In yet another embodiment, the drug may be 
coated onto the surface of an inert material which 
material is not in direct contact with the electrically 
conductive material, but is positioned in sufficient 
30 proximity to the electrically conductive material so that 
when the electrically conductive material is heated, the 
drug is heated to a sufficient temperature to cause the 
drug to undergo a phase transition to produce gaseous 
drug. In another embodiment, the drug is converted to 
35 the gaseous phase by directing the energy of a laser 
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which is preferably a solid state laser at a particle of 
drug or a drug coating position on a substrate. In 
another embodiment, the drug dosage unit having the drug 
coated on an electrically conductive substrate is placed 
5 within an inductance coil which is caused to generate 
heat energy by the application of high frequency radio 
oscillations. Although the drug can be converted to a 
gaseous phase by the application of a number of different 
forms of energy, the present invention does not include 
10 the use of flames and specifically the use of open flames 
in order to create the gaseous drug. The use of flames 
are excluded in that flames generally provide an 
uncontrolled amount of energy which has two undesirable 
effects. Firstly, the flames may, and often do, cause 
15 the drug to decompose. Secondly, the flame cannot 

generally be controlled in such a manner so as to produce 
a predetermined amount of gaseous drug, but rather will 
produce a random, uncontrolled amount of gaseous drug. 
Uncontrolled amounts of gaseous drug result in 
20 uncontrolled dosing which is contrary to the essence of 
the present invention. 

Each of the drug dosage units described above 
refer to the coating of the drug on some surface. The 
drug may be directly coated on a heating element or 
25 coated on some other element which is caused to be heated 
by one of several different means. The drug may be 
coated on the surface at two basically different points 
in time relative to drug delivery. In accordance with 
one general embodiment, the drug is coated on the surface 
30 during manufacturer of the drug dosage unit. In 

accordance with this general embodiment, a predetermined 
amount of drug is coated onto a surface such as a heating 
element and thereafter the coated surface is loaded into 
a delivery device, heated, vaporized and delivered to a 
35 patient. After delivery, the drug dosage unit is then 
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discarded. In accordance with another general 
embodiment, the drug is coated onto the surface of the 
drug dosage unit by the patient or caregiver prior to 
use. In accordance with this embodiment, a container 
5 which includes multiple doses such as standard metered 

dose inhaler container is loaded into the drug dispensing 
device. By releasing the valve of the container, a 
predetermined amount of drug is forced from the container 
onto a surface where it is deposited. The drug deposited 

10 on the surface is then heated, vaporized and inhaled by 
the patient. In accordance with this embodiment, the 
surface having the drug dispersed thereon can be 
repeatedly used in that it is repeatedly coated with more 
drug which is dispersed from the container which holds 

15 multiple doses. 

A device of the present invention which can 
carry out a method of the invention must include some 
heating element and position the drug to be heated in 
sufficient proximity to that heating element so that the 

20 drug can be heated to a gaseous state.. A variety of 
different configurations for obtaining such will, no 
doubt, occur to those skilled in the art upon reading 
this disclosure. In connection with producing preferred 
embodiments, it is pointed out that it is desirable to 

25 coat the drug in as thin a layer as possible. Thinner 
layers can be heated more unif ormly throughout their 
thickness as compared to thicker layers and will, 
therefore, more efficiently utilize energy applied as 
compared to thicker layers. Another factor which should 

30 be considered is that the electrically conductive 

element, heating element, or other material which the 
drug might be coated on should be comprised of a material 
such that it has substantially no vapor pressure at 
temperatures which will be utilized. This is done in 



35 



WO 94/09842 



PCT/US93/09781 



-17- 

order to avoid any intermixing of gaseous forms of such 
material with the drug being delivered to the patient. 

Some of the drugs used in connection with the 
present invention are liquid at room temperature . When 
5 such drugs are utilized, it may be desirable to mix the 
drug with an inert carrier such as aluminum oxide in 
order to effectively coat the drug on the surface of a 
substrate prior to converting the drug to a gaseous 
phase. The inert material should be a material such that 

10 when subjected to temperatures in the range of 300°C to 
400 °C the material does not generate any detectible vapor 
pressure as such would contaminate the drug being 
administered. 

The amount of drug coated on the thin layer of 

15 electrically conductive material, as well as the voltage, 
power, and time period for the current passed through the 
electrically conductive material, can be regulated in 
order to control the dose of gaseous drug created and 
thereby closely control the dose administered to the 

20 patient. Since (l) the amount of gaseous drug can be 
closely controlled, (2) the particle size is minimized, 
and (3) particle size and shape is uniform, the 
methodology minimizes user compliance problems common 
with conventional metered dose inhalers. When all or 

25 substantially all of the drug on the electrically 

conductive material has been converted to a gaseous state 
and the patient requires additional dosing, another drug 
dosage unit can be inserted into the drug delivery device 
and the procedure repeated. Alternatively, it is 

30 possible to disperse additional drug from a drug 

container onto the surface which can allow heating of the 
coated drug. This embodiment and procedure does not 
require replacement of the drug dosage unit, only a 
recoating of the drug dosage unit or the walls of the 

35 heating chamber with more drug when the coated drug has 
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been vaporized- Eventually, drug contained within the 
drug container will be exhausted and a new container must 
be included within the drug dispensing device. 

Since the system makes it possible to directly 
5 administer a drug to the circulatory system of a patient, 
a wide range of drugs can be administered in this manner. 
The drugs will not be broken down by chemicals within the 
GI tract or metabolized in the liver by first-pass liver 
metabolism, a problem common to oral drug delivery 

10 methodology. Provided the drug can undergo a phase 
transition to a gaseous state without altering the 
functionality of the drug and provided that sufficient 
energy can be applied to produce a gaseous form of the 
drug, it may be administered using the methodologies, 

15 devices and dosage units of the present invention. 

By reviewing a copy of the Physicians' Desk 
Reference and/or the Merck Index (both incorporated 
herein by reference — latest editions) , it can be seen 
that most pharmaceutical ly active drugs are organic 

20 compounds. Characteristics of many organic compounds 
such as their melting point, boiling point and vapor 
pressure at given temperatures are given in publication 
such as the Handbook of Chemistry and Physics and/or can 
be calculated by those skilled in the art. Examination 

25 of these compounds reveals that many of the compounds 

have a relatively high vapor pressure at a relatively low 
temperature. Due to this characteristic, these compounds 
require the application of a relatively small amount of 
energy in order to generate vaporized drug. More 

30 specifically, when the drugs are coated onto a substrate, 
a relatively small amount of heating causes the drugs, 
which are generally crystalline substances, to create a 
partial gaseous vapor pressure, i.e., convert directly 
from a solid crystalline or liquid form into a gaseous 

35 phase without boiling. 
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Most solid substances can be heated to a 
melting point at which point the substance will undergo a 
phase transition to a liquid state and can be heated in 
the liquid state to a boiling point at which point the 
5 liquid undergoes a phase transition to a gaseous state. 
However, some solid substances undergo a phase transition 
from the solid to a gaseous state, i.e., they sublime. 
Both types of compounds can be used in connection with 
the present invention. If the compound does not sublime, 

10 it is generally necessary to heat the compound to a 

temperature somewhat above its melting point, although 
generally not necessary to heat the compound to its 
boiling point. After being heated to its melting point, 
the compound will generate a partial gaseous vapor 

15 pressure. That vapor pressure will increase as the 

temperature is increased until the vapor pressure reaches 
atmospheric pressure at the boiling point. However, at 
temperatures well below the boiling point, sufficient 
vapor pressure is generated so as to provide a sufficient 

20 amount of gaseous drug vapors for delivery to the 
patient. 

Those skilled in the art can readily determine 
the vapor pressure at any given temperature and thereby 
determine the amount of gaseous drug which will be 

25 created. Provided sufficient energy can be applied to 
the drug material to generate some vapor pressure, the 
drug can be used in connection with the present 
invention. However, the most preferred drugs are drugs 
which sublime, i.e., convert directly from a solid to a 

30 gaseous phase. Other preferred drug materials include 
those which have relatively high vapor pressures, e.g., 
vapor pressures of 0.25 atmospheres, preferably 0.5 
atmospheres or more at a temperature of 10 to 20 
centigrade degrees above or below the melting point of 

35 the drug. 
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It is well known that the vapor pressure of any 
given material is affected by both the temperature and 
surrounding pressure. Accordingly, in some instances, it 
is desirable not only to increase the temperature by the 
5 heating means but to decrease the surrounding pressure. 
This can be done by the inclusion of valves and a pump in 
connection with the vaporization chamber of the drug 
delivery device. For example, a piston means can be 
included within the chamber. When the piston is 
10 withdrawn from the chamber, the pressure within the 

chamber is reduced. Thereafter, the piston can be locked 
into the place with the reduced pressure being utilized 
to increase the amount of drug vapor which will be 
created at a given temperature . Electrically or manually 
15 operated pumps can be connected by tubes to the 

vaporization chamber in order to reduce the pressure 
within the chamber. 

The above characteristics relate to the 
physical characteristics of drugs which might be used in 
20 connection with the invention. Prom a pharmacological 
standpoint, any compounds might be used which compounds 
are generally delivered to a patient for treatment. 
However, preferred compounds are those compounds which 
have a topical and/or local effect on the lungs such as 
25 those conventionally administered such as steroids and 
bronchodilators . Other compounds which might locally 
treat the lung include antibiotics to treat infections 
such as pneumonia and anticancer drugs to treat lung 
cancer* In addition to providing drugs which locally 
30 treat lung tissues, the invention cam be used to 

systemically administer drugs to treat any diseases. 
Preferred drugs, however, include those which operate on 
the heart and/or nervous system in that the drug will be 
delivered from the lung to the heart to the brain within 
35 a matter of seconds. Accordingly, drugs used to treat 
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heart diseases as well as antidepressants and other 
psychoactive drugs used to treat diseases of the central 
nervous system are considered preferred candidates in 
connection with the present invention. In general, it is 
5 not the pharmacokinetics but the physical properties of 
the drug which determine which drugs are preferably used 
in connection with the present invention. Drugs which 
produce relatively high vapor pressures at temperatures 
above 50°C and preferably less than 350°C are preferred 
10 drugs. Thus, if the drug generates a vapor pressure of 
0.25 atmospheres, more preferably 0.5 atmospheres, at a 
temperature in the range of 50°C to 350°C, the drug is a 
preferred candidate for use in connection with the 
present invention. In connection therewith, it is 
15 pointed out that physical characteristics of a drug such 
as its melting point, boiling point and vapor pressure 
will vary when the forms of the drug are varied. For 
example, salts and/or base forms of a drug will have a 
different melting point than the free acid of the drug 
20 and such will be readily understood by those skilled in 
the art. Further, the physical characteristics of the 
drug can be changed to a certain extent by imbedding the 
drug in another material, i.e., the drug need not be used 
in pure form. In certain circumstances, it is possible 
25 to improve vapor pressure characteristics by intermixing 
the drug and/or embedding particles of the drug in 
another material. 

Those skilled in the art will recognize that 
certain drugs do decompose when heated to temperatures 
30 sufficient to create enough vapor pressure so that the 

drug could be delivered by inhalation. For example, with 
respect to narcotics, drugs such as morphine and 
hydromorphine decompose rapidly upon melting. However, 
other narcotic drugs such as fentanyl, sufentanil and 
35 meperidine show only trace amounts of decomposition upon 
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melting and could, therefore, be readily used in 
connection with the present invention. Those skilled in 
the art can readily test drugs in order to determine 
their degree of decomposition using procedures known to 
5 those skilled in the art. For example, the procedures 
and information disclosed by Roy et al., Pharmaceu t i cal 
Research . Vol. 5, No. 9, 1988 "Solubility and Related 
Physicochemical Properties of Narcotic Analgesics " which 
is incorporated herein by reference discloses such 

10 procedures. For purposes of the present invention, the 
term "decomposition" is intended to mean that the drug is 
somehow changed to the extent that it will no longer 
provide for the desired pharmaceutical effect when 
delivered to a patient. Accordingly, some drugs may 

IS decompose to a small extent but be sufficiently potent 
such that when the drug is vaporized the vapor will 
include sufficient numbers of nondecomposed molecules so 
as to provide the desired pharmaceutical effect. Such 
effects can be readily determined by those skilled in the 

20 art by carrying out standard testing procedures involving 
heating the drugs and thereafter testing the resulting 
heated drugs for changes. 

The present invention can be used for the 
delivery of drugs to any living organisms provided those 

25 organisms present a membrane for the exchange of gases. 
However, the invention is particularly designed for the 
delivery of drugs to humans by inhalation. The present 
invention operates by having a patient inhale the gaseous 
drug through the nose or mouth into the trachea. After 

30 entering the trachea, the gaseous drug will enter the 
bronchial tubes and eventually enter into the thousands 
of small sacs referred to as alveoli. During normal 
respiration, membranes within the lung allow C0 2 to be 
expelled and oxygen to enter. Gaseous drug can and will 

35 enter through the same membranes. When treating certain 
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lung diseases, the drug need only enter the membrane and 
have a topical or local effect on the lung tissues such 
as by acting as a bronchodilator. However, sufficient 
amounts of the drug can be delivered so that the drug 
5 will enter the circulatory system of the patient. From 
the lungs the blood flow travels directly to the heart 
and from there to the brain. Accordingly, within a 
matter of seconds of inhaling the gaseous drug, the drug 
has an effect within the brain of the patient. In view 

10 of such, it can be seen that the present invention is 
particularly applicable with respect to the delivery of 
drugs which treat the lungs, heart or central nervous 
system, e.g., the administration of bronchodilators and 
antidepressants can have an almost immediate effect on 

15 the patient. 

During normal respiration of a human, much of 
the air entering the lungs is known as "dead air" in that 
it does not enter into the exchange of gases occurring 
within the lung. Only about a pint of the air inhaled 

20 during one inspiration will enter the lungs, i.e., pass 
through lung membranes into the circulatory system. In 
view of such, the importance of obtaining small particle 
sizes which allow the drug to enter deeply into the lung 
becomes apparent. When using conventional metered 

25 inhalers (directly, i.e., without the delivery device of 
the present invention) , the large and irregular particle 
sizes cannot be dispersed uniformly throughout the 
thousands of alveoli, thus leaving much of the lung 
tissue untreated and/or not utilizing much of the tissue 

30 in order to delivery drug to the circulatory system of 
the patient. When the surface area of the lung is 
efficiently utilized, it is an extremely efficient means 
of delivering a compound to the circulatory system and/or 
lung tissue of the patient. Further, by deep breathing, 

35 the efficiency of the system can be substantially 
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increased. For example, during strenuous exercise, the 
amount of oxygen used by the body increases by 10 or more 
times that normally used. The increase in carbon dioxide 
within the blood results in a gasping for breath and/or 
5 feeling of fatigue, aching muscles and other signs of 
lack of oxygen. Although such symptoms appear to be 
caused by an inadequacy of the respiratory system, they 
are, in fact, caused by the inadequate amount of blood 
pumped by the heart to the lungs and not inefficiencies 

10 of the respiratory system. 

One of the more important and unique aspects of 
the present invention is the ability to provide for 
interpulmonary drug delivery while delivering a tightly 
controlled and predetermined amount of gaseous drug. The 

15 control of the predetermined amount of drug delivered is 
governed by a plurality of factors including (1) the 
uniformity of the particle size; (2) the smallness of the 
particle size; (3) the amount and thickness of the layer 
of drug coated on the substrate to be heated; (4) the 

20 current or energy applied to heat the drug; (5) the 

amount of time the current is applied; (6) the distance 
between the drug and the heating element; and (7) the 
atmosphere (or lack thereof) surrounding the coated drug 
being heated. 

25 In connection with the methodology of the 

present invention, the small particle size and uniformity 
of the size will of course remain constant with a 
particular drug. However, the amount of energy, e.g., 
current, the time the energy, e.g., current is applied, 

30 the distance of the drug from the heating element and the 
atmosphere surrounding the drug can be varied. The drug 
dosage units of the invention can be designed so that all 
or substantially all of the drug contained on the 
substrate to be heated will be vaporized. Alternatively, 

35 the dosage units can be designed so that they include 
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multiple doses and the amount of the dose to be delivered 
is determined by the amount and time the energy is 
applied, e.g., the current times the voltage times the 
time applied, and thus, the amount of heating obtained. 
5 All these factors will effect the amount of gaseous drug 
created in that the gaseous drug will provide molecular- 
size particles which are small and uniform in size and 
the amount of drug actually delivered can be closely 
controlled. 

10 Problems with conventional metered dose 

inhalers relate, in large part, to the fact that 
particles generated are not uniform in size, and more 
importantly, the particles are relatively large in size. 
When a conventional metered dose inhaler is actuated or 

15 fired, most of the drug being released from the device is 
not delivered to the patient if the nozzle of the device 
is misdirected or if the patient is not firing the device 
at the correct time during the respiration cycle. For 
example, if the metered dose inhaler is fired and the 

20 dosage released is directed at the side of the mouth, 

tongue, or roof of the mouth, the drug will contact that 
area, stick, and not enter into the lungs. If the 
particle size is relatively large, the particles which 
are inhaled may precipitate out on the passageways to the 

25 lungs and will not enter into the smaller channel 

openings within the lungs. If the patient fires the 
metered dose inhaler while exhaling, much of the dose can 
be exhaled from the mouth and not delivered from the 
patient. When using the drug-delivery device of the 

30 present invention, the device can be fired or actuated at 
essentially any time. After actuation, the drug is 
heated to produce the vaporized drug which will remain in 
the vaporization chamber until it is sucked out by the 
patient inhaling the vaporized drug. Since the drug 

35 particle sizes are so small and so uniform in size, the 
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inhalation can be complete and the particles will not 
precipitate out on the mouth and throat. Due to the 
small particle size, the particles will enter the 
smallest channels within the lungs and provide a wide 
5 area for entry into the circulatory system of the 
patient . 

Although conventional metered dose inhalers 
have a number of disadvantages, as indicated above, it is 
possible to use a conventional metered dose inhaler 

10 container in connection with one embodiment of the 
present invention and thereby overcome such 
disadvantages. More specifically, the container of a 
metered dose inhaler will disperse a predetermined amount 
of drug from the container when the container's valve is 

15 released. That predetermined amount of drug can be 
directed at a surface and will cause the drug to be 
deposited on the surface. Propellant (which is generally 
a low-boiling-point propellant, such a hydrocarbon or 
fluorocarbon) will immediately "flash" or evaporate, 

20 leaving only the drug coated on the intended surface. 
The surface can be a heating element or a surface 
positioned in close proximity to a heating element. When 
heat is applied to the drug it is vaporized in the same 
manner as indicated above to create drug vapor, which 

25 includes small, molecular size particles uniform in size, 
which can be readily inhaled by the patient into the 
smallest channels of the lungs and thereby provide for 
improved efficiency with respect to the delivery of the 
drug from the conventional metered dose inhaler 

30 container. 

In order to maximize the amount of vapor 
generated with a minimum amount of energy, it is 
desirable to produce the layer of drug in the smallest 
possible thickness. The layer of drug can be created by 
35 a variety of different techniques such as 
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electrophoresis, spraying, precipitation from solution, 
and other coating methodologies generally known to those 
skilled in the art. The methodology should be chosen 
based on factors such as the type of drug and substrate 
5 being used and the methodology which will be most 
convenient and economical. With respect to the 
substrate, it is pointed out that a variety of materials 
can be utilized, provided they are capable of being 
heated when electrical energy is applied. Suitable 

10 materials would include well-known electrical conductors 
such as copper, silver, gold, and alloys thereof, which 
may be present in pure metallic form or coated with a 
substrate material on which the drug is then coated. In 
addition to metals, many inorganic materials can be used 

15 as the substrate material. However, the inorganic 

materials should be chosen so that the inorganic material 
itself has an extremely small and essentially 
nondetectable vapor pressure at temperatures of up to 
350°C — the same is true with respect to any material 

20 used to coat the electrically conductive material. This 
characteristic is mentioned in that it would not be 
desirable to generate vapors of the electrically 
conductive material which would be delivered to the 
patient along with the drug. 

25 The coated layer of drug can also be created by 

spraying drug released from a conventional metered dose 
inhaler container onto a support surface. Although this 
embodiment of the invention is particularly convenient, 
in that it makes it possible to use a drug- dispensing 

30 device of the invention with a currently approved drug 
formulation, it is not desirable in that it does not 
provide for the thinnest possible layer of drug on the 
surface of the support. 
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Each of the three basic aspects of the 
invention will now be described with reference to 
Figures 1, 2 and 3. 

The Drug Del ivery Devire 

Figure 1 is a plain schematic view of the drug 
delivery device (1) of the present invention. The device 
(1) is shown schematically and in a particular embodiment 
to which the present invention is not limited. However, 
basic elements of the drug delivery device (1) are shown. 
The device includes a power source (2) which may be a 
conventional battery or plurality of batteries. The 
power source (2) is connected by an electrical wire (3) 
to a capacitor (4) and a switch (5) . When the switch (5) 
15 is actuated, the stored energy of the charged capacitor 
is delivered via the connection (6) to the drug delivery 
unit (7) . A variety of different electrical components 
and circuitry (not shown) can be used in connection with 
the device in order to obtain desired results such as 
increasing the amount of voltage and thus heat energy 
applied to the drug. Further, it is possible to include 
an electrical timing device (not shown) which after 
actuation with the switch (5) allows the power to be 
supplied from the source (2) for a predetermined period 
25 of time. 

In its simplest form, a power source (2) , such 
as a battery is directly connected to a heating element 
in or in the vicinity of the chamber (8) . However, 
because batteries do not generate large amounts of 
voltage, it is preferable to have the power source 
connected to an intermediate device, such as the 
capacitor (4) . Although additional electronic components 
and circuitry are not shown, it is generally preferable 
to include additional components which aid in increasing 
35 the voltage of the power source and bringing the charge 
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of the capacitor to a full charge more quickly. Such 
electronic components and circuitry are generally known 
to those skilled in the art and include the type such as 
the components used in connection with the electronic 
5 flashes on photographic equipment. 

The drug delivery unit (7) is present within a 
drug vaporization chamber (8) . However, the delivery 
unit (7) may be designed in such a manner so that the 
drug is vaporized within the drug -delivery unit and thus 
10 the drug-delivery unit provides the drug vaporization 
chamber. In the embodiment shown in figure 1, the 
chamber (8) is connected via a passageway (9) to a 
mouthpiece (10). 

The device (l) may be designed so that the 
15 chamber (8) is separated from the passage (9) by a valve 
means (11) which can be opened or closed by any suitable 
mechanical means and may be connected to the switch means 
(5) so that the valve (11) is opened when the switch 
means (5) is actuated or opened at a predetermined time 
20 after the switch means (5) is actuated. . The device (l) 
may also be designed to include a plurality of additional 
drug delivery dosage units, shown as (7'), (7"), and 
(7"'). These additional dosage units can be positioned 
within the device so that they can be easily removed and 
25 replaced within the chamber (8) or the device (1) can be 
designed such that a new unit such as the unit (7"') 
will automatically take its place in the chamber (8) 
after the dosage unit (7) is used. This mechanism can be 
designed in a manner similar to that of a semiautomatic 
30 gun which reloads a chamber and ejects cartridges once 
the bullet has been fired. Accordingly, the dosage unit 
(7) within the chamber can be designed to be ejected from 
the chamber (8) when all the drug has been vaporized. 
Such a design is desirable so as to avoid a situation 
35 whereby a patient might actuate the device (with an empty 
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unit in the chamber) and believe drug was being delivered 
when in reality no drug was present to be vaporized. 

The device (1) may be designed with a variety 
of different optional features in order to emphasize the 
5 desirable characteristics of the present invention such 
as the ability to precisely produce predetermined amounts 
of gaseous drug with a small amount of energy. For 
example, it is possible to design the device (1) to 
include a means for reducing the pressure within the 
10 vaporization chamber (8). Such a means could include a 
suitable pump (not shown) connected to the vaporization 
chamber (8) by any suitable means. The pump could be 
manually or electrically operated so as to suck air out 
of the vaporization chamber and provide a vacuum or 
15 reduced pressure within the chamber (8) . Alternatively, 
a piston (not shown) could be included within the passage 
way (9) in such a manner that the piston tightly fits to 
the internal circumference of the passage way (9). When 
the piston is withdrawn away from the chamber (8) towards 
20 the mouthpiece (10) , the pressure within the vaporization 
chamber (8) is reduced. Thereafter, the heating element 
could be actuated and the pressure allowed to return to 
normal atmospheric pressure due to the creation of the 
gaseous drug within the vaporization chamber (8) . 
25 In accordance with still another modification, 

the drug delivery device (1) can be combined with a laser 
such as a solid state laser (not shown) . The focal point 
of the laser can be directed at an area of the 
vaporization chamber (8) where the drug will be placed. 
30 If a laser is to be used, the drug may be present in a 
thin layer but can be present in any shape or form 
provided that the laser can be focused on the drug in a 
manner so as to create a predetermined amount of gaseous 
drug when the laser is actuated for a given period of 
35 time. 
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The Drug Dn« ? g» Xj n ^ 

Referring now to Figure 2, a particular 
embodiment of a drug -dosage unit (20) is shown. The 
dosage unit (20) is in the form of a glass cylinder (21) 
5 which has electrically conductive metal ends (22) and 
(22') . The cylinder (21) may be an open-ended tube or a 
closed cylinder which is opened in the chamber (8) such 
as by removing or puncturing one or both of the ends 22 
and 22', preferably after the vapor has been generated by 
10 heating. The metal ends are connected to each other by a 
metal substrate which has the drug coated thereon. The 
interior of the unit (24) may be held under vacuum or may 
be subjected to a vacuum and then filled with an inert 
gas if the ends are closed and have at least one end 
15 opened after the unit (20) is placed in the chamber (8) 
shown in Figure 1. This is done in order to avoid the 
possibility of any of the drug being oxidized when the 
drug is heated. Oxidation of the drug would be likely to 
destroy the activity of the drug. Other drug-delivery 
20 dosage units can be readily designed with an 

understanding of the present invention in mind. What is 
necessary is that the dosage unit provide some substrate 
upon which the drug can be coated in a thin layer. The 
substrate need not itself be electrically conductive, but 
25 must allow the drug to be heated so that the drug can be 
vaporized off of the substrate into the drug vaporization 
chamber. Accordingly, it is possible to have the drug 
coated on the surface of the glass (21) shown at Figure 2 
and heat the metal (23) to a sufficient temperature so as 
30 to vaporize the drug on the glass (21) . The amount of 
heat applied will vary with the drug and must be kept 
below the decomposition temperature of the drug, e.g. 5 
to 10C° below the decomposition temperature. Each of the 
various drug delivery dosage units (20) are considered to 
35 be important aspects of the present invention. A device 
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(1) as shown within Figure 1 can be reused a multiplicity 
of times, however, the dosage units (20) of Figure 2 may 
be expended after a single use. At best, such dosage 
units would be expended after a few doses had been 
5 delivered to the patient. 

Figure 3 is a cross -sectional plan view of 
another embodiment of the vaporization chamber (8) of the 
invention. The chamber (8) is comprised of a wall (12) 
which wall has an induction coil (13) . In accordance 

10 with this embodiment, a dosage unit (14) can be inserted 
within the chamber and high frequency radio oscillation 
energy can be applied so that a drug on the unit (14) is 
converted to the vapor phase. This drug unit has a thin 
film of drug deposited on an electrically conductive 

15 layer which is heated inductively by the high frequency 
radio energy. This embodiment is somewhat more complex 
than the use of a conventional heating element. However, 
the embodiment of figure 3 is desirable in that the coil 
(13) need not directly have an electrical connection with 

20 any portion of the dosage unit (14) . The elimination of 
electrical contacts makes the device more durable and 
reduces error in calculations such as the calculation of 
the amount of energy generated which calculations might 
be effected by incomplete electrical connections. 

25 Figure 4 shows another embodiment of a drug 

delivery device (25) which is similar to the device 1 
shown in Figure 1. The device (25), as shown within 
Figure 4, is basically different from the device (1), 
shown in Figure 1, in two respects. Firstly, the device 

30 (25) includes the induction coil (13), as shown within 

Figure 3. Secondly, the device (25) does not include the 
drug delivery units (7), as shown within Figure 1. 
Instead, the device (25) includes a canister (26) which 
includes multiple doses of drug. The canister (26) is 

35 preferably a pressurized canister used in connection with 
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conventional metered dose inhalers. Accordingly, the 
canister (26) will include a liquefied drug formulation 
dispersed throughout a low-boiling-point propellant, such 
as a hydrocarbon or f luorocarbon. Since fluorocarbon 
5 compounds are not desirable environmentally, it is 
possible to modify the canister (26) to include other 
propellants or to force drug from the container by other 
mechanical pressurizing means (not shown) . The container 
(26) includes a valve (27) and a nozzle (28) . A 
10 mechanical leverage means (29) is connected between the 
switch (5) and the canister (26) . When the switch (5) is 
actuated the leverage means (29) pushes the canister (26) 
in the direction of the opening or passageway (30) , which 
leads to the chamber (8) . The valve (27) is designed 
15 such that when the nozzle (28) is forced toward the 

passageway (30) , the valve (27) releases a predetermined 
amount of drug. The drug will flow directly into the 
passageway (30) and thereafter into the chamber (8) . At 
this point, the valve (11) is closed. Within the 
20 chamber, the drug will deposit on the inner walls of the 
chamber and any propellant will immediately evaporate. 
The valve (11) can be opened to allow evaporated gas to 
escape and thereafter close the valve (11) . Thereafter, 
the induction coil (13) is activated to create heat 
25 within the chamber and vaporize the drug. The valve (11) 
is then opened and the patient can inhale the vaporized 
drug through the mouthpiece (10) . 

It will be understood that other mechanisms for 
actuating the release of drug from the container (26) 
30 other than the valve lever system (29) can be devised by 
those skilled in the art. Further, the container (26) 
can be positioned at different points within the drug 
delivery device (25) . It is desirable to position the 
container (26) within the device (25) so that the 
i5 container be readily removed when the contents have been 
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emptied, so that a newly charged container can be placed 
into the device. 

In order to demonstrate that the drug delivery 
device of the present invention can be produced in a 
5 variety of different ways, a different embodiment is 

shown in Figures 5-8. Figure 5 shows a perspective view 
of a drug delivery device (31) . The device (31) is 
shaped and designed so that it can be held to the user's 
mouth, like a harmonica, unlike the "pistol" shape shown 
10 within Figures 1 and 4. The device (31) is also 

distinguishable in that it includes a mask (32), which 
fits over the user's nose and mouth, allowing the 
vaporized drug to be inhaled through the nostrils and 
mouth. The device includes a one-way or check valve 

15 (33), positioned between the mask (32) and a vaporization 
chamber (8), similar to the chamber (8) shown in Figures 
1 and 4. Like the chamber (8) shown in Figure 1, it is 
possible to change the configuration to produce the 
chamber (8) of the type shown within Figure 4, which 

20 includes the induction coil heating system. The device 
includes a power source (2), such as batteries, which is 
utilized by release of a switch (34) connecting the power 
source with electrical leads (35). When the switch (34) 
is actuated, power is supplied to the leads (35) and drug 

25 contained (on the walls of the chamber (8) or on any drug 
dosage unit present) in the system is vaporized. 

A cross -sectional side view of the device (31) 
is shown in Figure 6. A cross -sectional rear view is 
shown in Figure 7 and a cross -sectional top view is shown 

30 in Figure 8. 

Figure 9 is a perspective view of a different 
embodiment of a drug dosage unit (40) . The unit (40) is 
formed into an elongated, rectangular, planar support 
surface (41) having an electrical resistance path (42) 
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circuitously positioned thereon. The drug is deposited 
on the electrical path (42) . 

Referring back to Figure 5, it can be seen that 
a plurality of units (40) can be loaded into the device 
5 (31) • The units (40) are forced toward the chamber (8) 
by a biasing means such as the springs (43) and (43' ) . 
When the drug on a unit (40) has been vaporized, the unit 
(40) is ejected by using the eject button (36) to force 
the unit out and allow a new unit (40) to enter the 
10 chamber (8) . 

MethPfl - Dryq Peliygry by Intolatign 

Simple efficient methods of interpulmonary drug 
delivery can be readily contemplated by using the 

15 specific drug-delivery device and drug-delivery dosage 
unit shown respectively in Figures 1 and 2. The unit 
(20) shown at Figure 2 is represented schematically by 
the unit (7) as shown in Figure 1. When such a unit is 
place within the chamber (8), it is positioned in 

20 electrical connection with the capacitor (4) . When the 
switch (5) is actuated, the power is delivered to the 
drug on the dosage unit which heats the drug on the 
dosage unit (7) and converts the drug to a gaseous phase. 
The valve (11) is opened and the patient inhales through 

25 the mouth or nose from the mouthpiece or exhaust tube 

(10) . Because particle size is so small and uniform, the 
patient can inhale the gaseous drug in the same manner in 
which smoke from a cigarette is inhaled and bring the 
gaseous drug deeply into the lungs. The particles will 

30 not adhere to the mouth and throat and therefore, the 
dosage amount delivered to the lungs is accurately 
controlled, thus eliminating many of the problems present 
with conventional metered dose inhalers. 

The drug delivery device shown within Figure 4 

35 operates in a similar manner. The only difference with 
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the device is that the actuation of the switch (5) causes 
drug first to be released from the container (26) so the 
drug can be deposited on the surfaces of the chamber (8) . 
The induction coil (13) is then charged so that the drug 
5 is heated and vaporized. Thereafter the valve (11) is 
opened and the patient may inhale the vaporized drug 
through the mouthpiece (10) . 

The embodiment shown in Figures 5-8 operates in 
essentially the same manner as the embodiment shown in 

10 Figure 1. The only difference being that the user 
presses the eject button (36) in order to remove an 
expended drug dosage unit (40) from the device (31) and 
allow a new unit (40) to enter the vaporization chamber. 

As will be apparent to those skilled in the 

15 art, it is possible to interchange the components of 

these different embodiments. For example, the induction 
coil (13) shown in Figure 4 could be used in an 
embodiment such as that shown within Figures 5-8. 
Further, the mask (32) shown in Figure 5 could be used on 

20 the device shown within Figures 1 or 4, 

The instant invention is shown and described 
herein in what is considered to be the most practical and 
preferred embodiments. It is recognized, however, that 
departures may be made therefrom which are within the 

25 scope of the invention, and that obvious modifications 
will occur to one skilled in the art upon reading this 
disclosure. 
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WHAT IS CMW: 

1. A method of delivering a drug to a 
patient , comprising : 
5 heating a drug to a temperature such that a 

predetermined amount of the drug is converted to a 
gaseous phase; 

inhaling gaseous drug into the patient. 

10 2. The method of claim 1, wherein the heating 

is carried out by an electrical heating means and the 
drug is heated to a temperature below its decomposition 
temperature . 

15 3. The method of claim 2, wherein the 

electrical heating means is selected from the group 
consisting of an induction coil capable of generating 
high frequency radio energy, a solid state laser, and a 
coil of electrically conductive wire. 

20 

4. The method of claim 1, wherein the 
predetermined amount of drug is an amount of 25 
milligrams or less. 

25 5. The method of claim 1, wherein the 

predetermined amount of drug is an amount in the range of 
10 micrograms to 10 milligrams. 

6. The method of claim 1, wherein the drug, 
30 prior to heating, is in a solid form at a temperature of 
30°C or less. 



35 



7. The method of claim 6, wherein the solid 
form of the drug is coated in a solid layer on the 
surface of a substrate comprised of inert material. 
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8. The method of claim 7, wherein the drug is 
coated on the substrate by a means selected from the 
group consisting of, chemical deposition, vapor 
deposition, and spraying. 

9. The method of claim 1, wherein the drug is 
in a liquid form at a temperature in the range of 15° to 
30 °C and is dispersed and/or embedded within an inert 
carrier. 

10. The method of claim 2, wherein the heating 
is carried out by passing electrical current through an 
electrically conductive material positioned relative to 
the layer of drug such that heat generated in the 
material is conveyed to the layer of drug in an amount 
sufficient to create a drug vapor pressure of 0.25 
atmospheres of drug or more. 

11. The method of claim 9, wherein the 

v 20 electrically conductive material is a metal selected from 
the group consisting of copper, silver, gold and alloys 
thereof . 

12. The method of claim 7, wherein the layer 
25 of drug is applied to a .substrate by a method selected 

from the group consisting of sputtering and vapor 
deposition. 

13. The method of claim 7, wherein the layer 
30 of drug is positioned on a substrate, is substantially 

pure and has a thickness of less than 0.2 mm. 



10 
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14. A drug delivery unit, comprising: 

a substrate having a surface; and 

a layer of pharmaceutical ly active drug coated 

on the surface, wherein the drug is characterized by 
5 generating a vapor pressure of 0.25 atmospheres of 

gaseous drug at a temperature of 50 °C or more. 



15. The unit of claim 14, wherein the drug is 
characterized by generating a vapor pressure of 0.5 
10 atmospheres at a temperature in the range of 50 °C to 
350°C. 



16. The unit of claim 14, wherein the surface 
of the substrate is comprised of an inert material. 

15 

17. The unit of claim 14, wherein the surface 
of the substrate is comprised of an electrically 
conductive material. 

20 !8. The unit of claim 14, wherein the layer of 

drug has a thickness of less than 0.2 mm. 

19. The unit of claim 14, wherein the drug is 
substantially pure and the layer of drug has a thickness 

25 of less than 0.2 nun. 

20. The unit of claim 16, wherein the inert 
material is in the form of a glass tube. 
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21. An drug delivery device, comprising: 

a heating element; 

a drug vaporization chamber; 

a mouthpiece in connection with the chamber; 
5 a metered dose of a pharmaceutical^ active 

drug positioned in the chamber in a manner such that when 
the heating element is activated at least a portion of 
the drug is converted to a gaseous phase. 

10 22. The device of claim 21, wherein the 

heating element is in the form of a thin layer of 
electrically conductive metal connectable to an 
electrical power source. 

23. The device of claim 22, wherein the 
metered dose of drug is in the form of a thin layer 
coated on a substrate surface. 

24. A drug delivery device comprising: 
a heating element; 
a drug vaporization chamber; 
an opening in connection with the chamber, 

which opening can be closed by means of a valve; 

a container having a pressurized drug 
formulation positioned therein, wherein the container has 
a valved opening thereon, which opening is in connection 
with the drug vaporization, such that when the valve of 
the container is opened, drug can be deposited on 
surfaces in the drug vaporization chamber. 

25. The device as claimed in claim 24, wherein 
the heating element is in the form of an electrical 
induction coil. 

35 
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PROCESS AND DEVICE FOR INHALATION OF PARTICULATE MEDICAMENTS 

Beld of the Invention 

The present invention relates, in general, to particulate medicaments and dosing of the 
medicaments for inhalation by a patient More specifically, the present invention relates 
to a particulate medicament and a method for dosing of the medicament wherein the 
medicament is in the form of spherical hollow particulates. 

Background of the Invention 

Asthma and other respiratory diseases are typically treated by the inhalation of an 
appropriate medicament for deposition into the lungs of a human to ease patient 
breathing and increase air capacity. Two treatments for respiratory diseases have been 
widely used. One is inhalation of a medicament from a drug solution or suspension, 
typically in an aerosol container (i.c a pressurized container such as a metered dose 
inhalator) that has a spray valve and uses a gas propellant The second is inhalation of a 
powdered drug (generally admixed with an excipient) from a dry powder inhalator. 

Manufacture of pressurized aerosol containers filled with medicament and useful as 
inhalators for respiratory drug delivery is well known, and a representative discussion of 
such manufacture can be found in Byron, Respiratory Drug Delivery , CRC Press, Inc. 
185 et seq., (1990) In connection with the manufacture of aerosol inhalators, it is noted 
that in view of recent evidence of the link between chlorofluorocarbon gas emissions and 
the deterioration of the earth's protective ozone layer, use of drugs in pressurized aerosol 
inhalators employing a chlorofluorocarbon (i.e., materials that are totally halogenated 
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with both chlorine and fluorine and thus have no hydrogen on the carbon, for instance, 
trichloromonofluoromethane, sold by DuPont under the registered trademark FREON 11 
and colloquially known as CFC-1 1, or dichlorodifluorornethane, sold by DuPont under the 
registered trademark FREON 12 and colloquially known as CFC-1 2) as the gas propellant 
5 has declined. Each of FREON 11 and FREON 12 has an ozone depletion potential 
(hereinafter, ODP) of 1, and the Environmental Protection Agency of the U.S. Government 
has imposed regulations to phase out use of such propellants having an ODP - 1. 

Instead, environmentally safe propellants having an ODP > 0 and < 0.5 are of increasing 
10 interest for use in pressurized aerosol inhalators. Examples of such environmentally safe 
propellants include, but are not limited to, the following: monochlorodifluoromethane (a 
hydrochlorofluorocarbon which has an ODP = 0.05 and is sold by DuPont under the 
registered trademark DYMEL 22); perfluoroethane; 1,1,1,2-tetrafiuoroethane (which has 
an ODP = 0 and is sold by ICI under the trade name HFC-134a); and 1.1 ,-difluoroethane 
15 (which has an ODP = 0 and is sold by various companies under the trade name HFC- 
152a). 

Also, interest in dry powder inhalation systems has increased. Various dry powder 
inhalator devices for dosing of particulate powdered medicaments to a patient's 

20 respiratory tract employ capsules, blisters, velvet Fibers, screens, and the like, as a carrier 
loaded with powdered medicament. For loading the powder in the carrier for the dosing 
of the powder via an inhalator, typically a selected amount of the powder (such as 50 pg) 
is admixed with a suspending agent (such as perfluoro-pentane), and the resultant 
suspension is then dispensed from a metering device to the carrier, after which the 

25 suspending agent evaporates and leaves micronized dry powder particles on the carrier. 
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During use of the inhalator, an air stream (either generated by the patient or by an assist 
device, as is well known in the art) lifts the powder from the carrier to entrain the 
powder within the air stream which is then inhaled by the patient. The dose of a powder 
type of medicament employed with such dry powder inhalator devices is, in most 
5 instances, significantly less than 50 mg, typically less than 5 mg, and usually about 50 to 
about 500 ng. The powdered particles contained in the inhalator are micronized, solid 
particles, typically having an average particle diameter (colloquially referred to as particle 
size) of < 10 pm, more particularly < 6 urn, even more particularly < 5 |im, which is an 
appropriate size so that the particles can be drawn into the lungs. 

10 

Representative dry powder inhalator devices having medicament carriers therein and 
suitable for dispersing of respirable medicaments to patients are disclosed in U.S. Patent 
Nos. 3,906,950. 4,013,075, 3,807,400, and 3,991,761, each to Cocozza; U.S. Patent No. 
4,161,516 to Bell; U.S. Patent No. 4,395,421 to Taylor et al.; European Published Patent 

15 Application No. 0 455 463 A1 to Velasquez et al.; European Published Patent Application 
No. 0 21 1 595 A2 to Newell et al.; European Published Patent Application No. 0 4670 172 
Al to Cocozza et al.; PCT International Publication No. WO 92/00115, published January 
9, 1992, to Gupte et al.; and PCT International Publication No. WO 94/201 64, published 
September 15, 1994, to Mulhauser et al. Also, the commercially available TURBUHALER® 

20 inhalator is disclosed in U.S. Patent Nos. 4,667,668 and 4,805,81 1, each to Wetterlin, and 
U.S. Patent No. 4,668,218 to Virtanen. The disclosures of all of these are incorporated 
herein by reference. 

Additionally, it is noted that U.S. Patent No. 5,503,869, issued April 2, 1996, and US 
25 Patent Application Serial No. 08/328,578, filed on October 21, 1994, both to Van Oort, 
the disclosures of which are incorporated herein by reference, describe a medicament 
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carrier which is adapted for use in a dry powder inhalator device and includes at least 
one carrier screen having carrier surfaces that define a plurality of interstices in the 
screen. At least one dose of a powdered medicament is loaded onto the carrier screen 
surfaces whereby the interstices of the screen are at least partially open and free of the 
5 powdered medicament Spray drying for preparation of particles, including for selected 
medicinal uses, is well known. Additionally, the concept is well known that under certain 
conditions during spray drying from solution, the resultant particles are not solid, but 
rather are hollow structures. Selected uses of such hollow structures involve certain 
medical applications. 

10 

For instance, U.S. Patent 4,590,206 to Forrester et al. shows spray dried respirable 
medicament particulates, such as sodium cromoglycate, in the shape of doughnut rings, 
where the hollowness is the hole in the middle of the ring and the ring is solid. Since 
spray dried hollow spheres have a low particle density, they are considered by Forrester et 
1 5 al. to be too fragile and are consequently to be avoided. 

Also, U.S. Patent No. 4,127,622 to Watanabe et al shows hollow particulates for gastric 
medicines suspendable in gastric juice and which may remain in the stomach for a long 
time. They are prepared by dissolving S-PI (substance for pepsin inhibition as the active 
20 ingredient) and ethylcellulose (as the excipient) in a lower chlorinated hydrocarbon (as 
the solvent), so that the concentration of ethylcellulose is 0.5 to 4% by weight on the 
basis of the total weight of the solution, and then spray drying the solution at a 
temperature higher than 50°C. 

25 Also, of interest in connection with hollow structures for useful as medicaments is the 
disclosure of PCT International Publication No. WO 91/12823, published September 5, 
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1991, to Ilium et al. This publication describes hollow (i.e., gas-filled or vapor-filled) 
microcapsules (for instance, albumin) prepared by forming a shell around a solid or liquid 
core (for instance the volatile oil, perfluorohexane), and then removing the core. The 
shell may be made by variations on spray drying, such as simple or complex coacervation, 
oil/water/oil double emulsion, or MSIEP (minimization of solubility at isoelectric point) 
methods, followed by chemical or heat hardening to render the shell water insoluble. 
The double emulsion method results in each microcapsule having a honeycomb 
appearance with multiple gas-filled chambers. The microcapsules are injected into the 
blood of a human for use in echocardiography. 

Nevertheless, such spray drying techniques to achieve spherical hollow particulate 
structures for respirable medicaments that are to be inhaled by the patient have not 
previously been employed. 

Summary and Objects of the Invention 
Accordingly, the present invention provides a process for dispersing spherical hollow 
medicament particulates from an inhalator device. The inhalator device may be a dry 
powder inhalator having contained therein a medicament carrier loaded with at least one 
dose of dry powdered medicament particles comprising spherical hollow particulates of 
respirable particle size suitable for deposition in a human being's lungs. Alternatively, the 
inhalator device may be a pressurized aerosol inhalator, such as a metered dose inhalator, 
having contained therein a propellant and at least one dose of medicament particles 
comprising spherical hollow particulates of respirable particle size suitable for deposition 
in a human being's lungs. For both dispersion from the dry powdered inhalator and from 
the pressurized aerosol inhalator, the spherical hollow medicament particulates should 
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have a mass median aerodynamic diameter suitable for deposition in a human being's 
lungs. 

Additionally, the present invention provides an inhalator device suitable for dispersing 
5 medicament therefrom and containing medicament therein, where the medicament 
comprises spherical hollow particulates that are of respirable particle size. The inhalator 
device may be a dry powder inhalator. Alternatively, the inhalator device may be a 
pressurized aerosol inhalator, such as a metered dose inhalator. For both the dry 
powdered inhalator and the pressurized aerosol inhalator, the spherical hollow 
10 medicament particulates should have a mass median aerodynamic diameter suitable for 
deposition in a human being's lungs. 

It is therefore an object of the present invention to provide a medicament for use in an 
inhalator which provides for administration of a dosage of medicament particles wherein 
15 the particles that leave the inhalator and are inhaled into the patient's lungs are formed 
as spherical hollow particulates having a desirable aerodynamic particle size and thus are 
of respirable particles size (i.e.. they should have a mass median aerodynamic diameter 
suitable for deposition in a human being's lungs) for maximum beneficial efficiency, 
providing maximum efficacy to the patient 

20 

It is an advantage of the present invention that the spherical hollow particulate form can 
improve the deaggregation properties of the medicament for entrapment in the stream, 
as the medicament is moving from the inhalator device into the patient's lungs, since the 
spherical hollow particulates can be made with a large geometric diameter and thus will 
25 have less surface-to-surface contact with each other as compared to conventional 
micronized solid particulates that have a relatively smaller geometric diameter. 
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Some of the objects and advantages of the invention being stated, other objects will 
become evident as the description proceeds, when taken in connection with the 
accompanying Figures and Laboratory Examples described below. 

Brief Description of the Figures 
Figure 1 is a photomicrograph of spray dried dimpled solid particulates of the asthma 
medicament albuterol sulfate; 

Figure 2 is another photomicrograph of spray dried dimpled solid particulates of 
albuterol sulfate; 

Figure 3 is a photomicrograph of spray dried spherical hollow particulates of the asthma 
medicament amiloride HCI; 

Figure 4 is another photomicrograph of spray dried spherical hollow particulates of 
amiloride HCI; 

Figure 5 is another photomicrograph of spray dried spherical hollow particulates of 
amiloride HCI; 

Figure 6 is a photomicrograph of spray dried spherical hollow particulates of the 
excipient lactose; and 

Figure 7 is another photomicrograph of spray dried spherical hollow particulates of 
lactose. 
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Detailed Description of the invention 

It is well known that, during inhalation therapy or systemic absorption via the respiratory 
tract, the human lung separates particles based on the aerodynamic diameter, which is a 
function of the actual average particle diameter (i.e., the geometric diameter), as well as 
the shape and the density of the particle. More specifically, a lower particle density will 
produce a smaller aerodynamic diameter for particles of equivalent geometric since size, 
as illustrated by equation 1 as follows: 

D a e = D geoP 1 ' 2 (equation 1) 

where D ae and D ge0 are the aerodynamic and geometric diameters, respectively, and p is 
the particle density. 

Because of the spherical particulates being hollow, they have an actual density lower 
than that of the solid particulates currently employed for respirable medicaments. Thus, 
applicants have unexpectedly discovered that the spherical hollow particulates should be 
perceived by the lung as being of a smaller aerodynamic size than the aerodynamic size 
of the solid particulates of substantially the same actual average particle diameter, and 
thus the spherical hollow particulates should be deposited deeper in the lungs. 

Moreover, the spherical hollow particulates can be made with an actual average particle 
diameter (i.e., the geometric diameter) greater than that of the solid particulates 
currently employed for respirable medicaments. In that event the spherical hollow 
particulate form would likely improve the deaggregation properties of the medicament 
for entrainment in the inhalation stream, as the medicament is moving from an inhalator 
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device into the patient's lungs, due to the large spherical hollow particulates having less 
surface-to-surface contact with each other as compared to the relatively smaller solid 
particulates. As a result, an increase in the respirable fraction of a medicament 
formulation should be achieved with large spherical hollow particulates as compared to 
small solid particles, where the mass median aerodynamic diameter of the two is 
approximately the same. 

As noted above, methods for spray drying of particles are well known, and it is also well 
known that controlling selected conditions for spray drying, such as the temperature, the 
type of solvent, the concentration of the active ingredient and/or the optional excipient, 
can result in the spray dried particles being hollow structures instead of solid. Any of the 
various well known spray drying methods may be employed for spray drying the 
medicament particles in accordance with the present invention to form spherical hollow 
structures useful for inhalation therapy or systemic absorption via the respiratory tract, 
including those spray drying methods disclosed in the above-mentioned U.S. Patent 
4,590,206 to Forrester et al., U.S. Patent No. 4,127,622 to Watanabe et al. and PCT 
International Publication No. WO 91/12823 to Ilium et al., the disclosures of which are 
incorporated herein by reference. 

Various solvents may be employed during spray drying, including, but not limited to, 
hydrocarbons, halogenated hydrocarbons (i.e., fluorinated hydrocarbons or chlorinated 
hydrocarbons), alcohols, ketones, and the like. Examples of suitable solvents include, but 
are not limited to, water, hexane, perfluoromethylcyclohexane, perfluorohexane, 
perfluoropentane, dichloromethane, ethanol, acetone, and combinations thereof. 
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Medicament particles which may be spray dried in accordance with the present invention 
to form spherical hollow particulates are suitable for use as respirable medicaments for 
inhalation therapy or systemic absorption via the respiratory tract to treat respiratory 
disorders such as asthma, bronchitis, chronic obstructive pulmonary diseases and chest 
5 infection. Additional medicaments may be selected from any other suitable drug useful 
in inhalation therapy and which may be presented as a suspension or in a dry powder 
inhalator. Appropriate medicaments may thus be selected from, for example, analgesics, 
e.g., codeine, dihydromorphine, ergotamine, fentanyl or morphine; anginal preparations, 
e.g. diltiazem; antiallergics, e.g. cromoglycate, ketotifen or neodocromil; antiinfectives 

10 e.g. cephalosporins, penicillins, stretomycin, sulphonamides, tetracyclines and 
pentamidine; antihistamines, e.g. methapyrilene anti-inflammatories, e.g. fluticasone, 
flunisolide, budesonide, tipredane or triamcinolone acetonide; antitussives, e.g. 
noscapine; bronchodilators, e.g. salmeterol, salmbutamol, ephedrine, adrenaline, 
fenoterol, formoterol, isoprenaline, metaproterenol, phenylephrine, phenylpropanolamine, 

15 pirbuterol, reproterol, rimiterol, terbutaline, isoetharine, tulobuterol orciprenaline, 
pirbuterol, reproterol, rimiterol, terbutaline, isoetharine, tulobuterol orciprenaline, or (-)- 
4-amino-3,5-dichloro-a-[[[6-[2-(2-pyridinyl)ethoxy]- 

hexyl]amino]methyl]benzenemethanol; diuretics, e.g. amiloride; anticholinergics, e.g. 
ipratropium, atropine, oxitropium; hormones, e.g., cortisone, hydrocortisone or 

20 prednisolone; xanthines e.g. aminophylline, choline theophyllinate, lysine theophyllinate 
or theophylline and therapeutic proteins and peptides, e.g. insulin or glucagon. It will be 
clear to a person skilled in the art that, where appropriate, the medicaments may be used 
in the form of salts (e.g. as alkali metal or amine salts or as acids addition salts) or as 
esters (e.g. lower alkyl esters) or as solvates (e.g. hydrates) to optimise the activity and/or 

25 stability of the medicament. Preferred medicaments are salbutamol, salmeterol, 
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fluticasone propionate, beclomethasone dipropionate, terbutaline, cromoglycate r 
budesonide, and triamcinolone acetonide and/or salts thereof. 

Moreover, the medicaments optionally may be together with excipients acceptable for 
5 inhalation into the human body, which may be organic excipients, such as 
polysaccharides (i.e., starch, cellulose, and the like), lactose, glucose, mannitol, amino 
acids, and maltodextrins, or may be inorganic excipients, such as calcium carbonate and 
sodium chloride. The excipient may be included with the medicament via well known 
methods, such as by admixing, co-precipitating f and the like. 

10 

When entrained in an inhalation stream for inhalation by the patient, the spherical 
hollow particulates typically should acquire a mass median aerodynamic diameter, 
particularly from about 0.5 pm to about 7.0 pm, more particularly from about 1 pm to 
about 4.5 pm, as perceived by the patient's lungs as the spherical hollow particulates pass 

15 into the lungs. Also, the spherical hollow particulates typically should have > 50% of the 
mass of hollow particulates, more particularly > 70% of the mass of hollow particulates, 
particularly having a mass median aerodynamic diameter < 6 urn, more particularly < 5 
pm, as perceived by the patient's lungs as the spherical hollow particulates pass into 
lungs. As noted in the above discussion of prior art inhalators, it is particularly useful 

20 that particles of respirable particle size range have more than 50% thereof with a mass 
median aerodynamic diameter < 6 pm, more particularly < 5 pm, for appropriate 
deposition into the lungs, which should be achieved with the present invention. 

The ability to control the geometric density of the substantially spherical hollow 
25 particulates offers an additional advantage over current inhalator systems which use a 
suspension of medicament particulates in a propellant. In existing systems containing 
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drug and propellant suspensions, the suspension may separate or stratify because of the 
differences in the densities of the medicament and propellant 

Separation may be either classified as "creaming" wherein the medicament rises to the 
5 top of the more dense propellant, or "sedimentation" wherein the medicament settles to 
the bottom of the less dense propellant Regardless of the classification, separation of the 
medicament and component may cause a lack of dosage uniformity per activation, i.e., 
each dose may not provide an equal amount of drug over the life a multi-dose inhalator. 
The uniformity of dosages delivered by multi-dose inhalators is of critical importance to 
10 the efficacy of the device and must be within narrow parameters to meet regulatory 
criteria. 

The problem of separation of the suspension is generally addressed by vigorously shaking 
the inhalator immediately before it is used. However, patient compliance with this 
15 simple task is difficult to control and even slight delays between shaking and use effect 
dosage uniformity. 

The present invention, however, overcomes the problem separation and, in so doing, 
conceivably eliminates the need to shake the inhalator before use. By allowing the drug 
20 to be density matched to the selected propellant, the tendency of the medicament and 
propellant to stratify is removed. The drug and propellant are uniformly distributed in 
suspension and it can be assumed that each dose would then also be similarly uniform. 

Medicament density may be pre-seleeted and controlled by adjusting the spray drying 
25 conditions under which the particulates are created, as previously mentioned. In 
particular, though, density may be controlled by adjusting the thickness of the walls of 
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the spheres as compared to sphere diameter, and by adjusting the ratio of drug to 
excipient when creating composite medicament particulates. In some embodiments, 
however, it may be prefererred to use pure medicaments without excipients. In short, the 
ability to pre-seleet and control the geometric density of the medicament particulates 
5 offers a significant advantage over existing medicament/propellant suspension systems. 

With respect to dry powder inhalators, the spherical hollow particulates of the present 
invention are suitable for use in any carrier in any dry powder inhalator, including, but 
not limited to, any of the dry powder inhalators disclosed in the above-mentioned 
10 patents and published patent applications. 

The spherical hollow particulates of the present invention are also suitable for use in any 
metered dose inhalator, including the pressurized aerosolized type (where the 
particulates are together with a propellant and an optional suspending agent). With 

15 respect to pressurized aerosol metered dose inhalators, as such pressurized aerosol 
containers are well known in the art, the spherical hollow particulates may be placed in a 
pressurized container with a suitable propellant and optionally with a suitable 
suspending agent (also known as a dispersing agent or a surfactant) by any of the well 
known methods therefor, such as that shown in the above-noted Respiratory Drug 

20 Delivery , p. 185 et seq. In general, adding a medicament to a pressurized aerosol 
container is accomplished as follows. 

Medicament is added to a high shear blender (i.e., mixer) which contains propellant and 
may also contain a suspending agent. It may also be preferred to add a polar substance to 
25 increase solubility of surfactant in a propellant, e.g. ethanol. 
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Propellants may be of the chlorofluorocarbon variety (i.e., trichloromonofluoromethane, 
sold by DuPont under the registered trademark FREON 1 1 and colloquially known as CFC- 
11, or dichlorodifluoromethane, sold by DuPont under the registered trademark FREON 
12 and colloquially known as CFC-12). which, as mentioned above, are being phased out 
5 by the Environmental Protection Agency of the U.S. Government as each of FREON 1 1 
and FREON 12 has an ODP - 0. Alternatively, propellants may be of the more recently 
developed environmentally safe varieties. Suitable environmentally safe propellants 
include, but are not limited to, any of the above-mentioned perfluoroethane, 
monochlorodifluoromethane, 1 ,1 ,1 ,2-tetrafluoroethane, 1 , 1 ,-difluoroethane, 
10 1,1,1,2,3,3,3-heptafluoro-n-propane, and combinations thereof. 

Suitable optional suspending agents include, but are not limited to, oleic acid. SPAN ® 
85 (registered trademark for the partial esters of the common fatty acids (lauric, palmitic, 
stearic, and oleic) and hexitol anhydrides (hexitans and hexides), that are derived from 
15 sorbitol and that tend to be oil-soluble and dispersible or insoluble in water}, lecithin, 
and combinations thereof. 

If the propellant has a low boiling point so that it would volatilize during procedures at 
or near room temperature, then the mixer needs to be maintained well below room 
20 temperature to prevent evaporation or alternatively a sealed mixer (one in a closed 
system with the container) may be employed. Once a homogenous suspension is 
obtained, the suspension is filled into aerosol containers. During the filling, the mixer 
can be used to maintain adequate suspension throughout the entire filling circuit by 
continuously circulating the suspension through the concentrated filling unit. 

25 
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At this point, there exist two main options. With the first option, especially for products 
not using the environmentally unsafe propellant, CFC-11, the entire formulation is 
prepared in a low temperature pressure vessel and then filled through the valve into 
evacuated, previously crimped containers. Care must be taken with propellants such as 
HFC-134a, that have a high vapor pressure, as filling through the valve of the container is 
difficult with such propellants. The second option involves the manufacture of a lower 
volatility concentrate. With this alternative technique, filling is in a controlled 
environment into containers, after which the valves are crimped in place. Subsequently, 
the high pressure propellant is added through the valve. 

The tensile strength of the spherical hollow particulates will vary depending on the 
particular medicament (and optional excipient) being spray dried. In the event that the 
spherical hollow particulates have a weak enough tensile strength so that a large storage 
container of them, such as a kilogram quantity, would result in upper hollow particulates 
crushing lower hollow particulates in the container prior to deposition of the hollow 
particulates in an inhalator device, then formation of hollow particulates should be 
accomplished in-line so that the formed hollow particulates can be deposited directly 
after formation into an inhalator device. 

Laboratory Examples 

Example I 

Production of hollow particulates by spray drying . 

Medicament powder of each of the two medicaments, albuterol sulfate and amiloride HCI 
(abbreviated herein as Alb S and Amil HCI, respectively), is employed in this example. 
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Also, the excipient, lactose, is employed in this example. Aliquots of each of the 
medicaments, and also of lactose, are spray dried as follows. 

15 g of Alb S (lot no. W 1946 FB) are dissolved in 300 ml of water to create a 5% 
5 solution. Similarly, 3.479 g of Amil HCI (lot no. 9007H 902) are diluted in water to 1000 
ml to create a solution. Likewise, 15 g of lactose (lot no. 1NC25, 605 from Sheffield 
Products of Norwich, New York) are diluted in water to 150 ml to create a solution. 

Each solution is respectively spray dried using a VIRUS™ (a spray dryer commercially 
10 available from The Virtis Company of Gardiner, New York) with each of the air from the 
nozzle and from the blower set at its respective maximum value under the following 
conditions of temperature and rate, as summarized in Table A below: 



TABLE A 



Spray 

Dried 
Particles 


Inlet Temp 
(°C) 


Outlet Temp 
(°C) 


Flow Rate 
Setting 
(ml/minute) 


AlbS 
(medicame 
nt) 


150 


101 


7 


Amil HCI 
(medicame 
nt) 


150 


92 


12 


lactose 
l (excipient) 


180 


127 


5 



15 * 
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Spray drying produced the following average particle diameters (i.e., the geometric 
diameters) as summarized in Table B below: 

TABLE B 

Spray Dried Geometric Hollow 
5 Particles Diameter or Solid 

Alb S 1 to 5 pm dimpled solids 

Amil HCI 1 to 5 ^m hollow spheres 

Lactose 2 pm hollow spheres 

10 As noted in Table B and as can be seen in the photomicrographs in Figures 1 and 2, spray 
drying the Alb S produced dimpled^solid structures and did not produce spherical hollow 
particulates. On the other hand, spray drying the Amil HCI produced spherical hollow 
particulates, as can be seen in the photomicrographs in Figures 3-5. Spray drying the 
lactose produced spherical hollow particulates, with the largest lactose particulate having 

15 an average particle diameter of about 17 pm, as can be seen in the photomicrographs in 
Figures 6 and 7. 

While it is not intended to be bound to any theory, it is believed that the concentration 
of Alb S in water, namely a 5% solution of 15 g in 300 ml, was not low enough for the 
20 spray drying to result in spherical hollow particulates of Alb S ( and thus, lowering the 
concentration of Alb S should result in spherical hollow particulates. Also, it is believed 
that admixing the Alb S with an excipient, such as lactose, during the spray drying should 
result in spherical hollow particulates. 



25 Example II 

Use of hollow particulates in dry powder inhalators. 
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The following is a discussion of how a DISKHALER™ (a medicament dispersing device, i.e., 
an inhalator, commercially available from GlaxoWellcome, Inc.) and an AEROBREATHER™ 
(available from API of Hadley, Massachusetts) may be employed with the spherical hollow 
medicament particulates of the present invention, such as the Amil HCI made in Example 
5 I, to determine how the powdered medicament is dispersed and thus illustrate that the 
spherical hollow medicament particulates are useful in a dry powder inhalator. More 
particularly, the extent to which a medicament is dispersed may be measured by its mass 
median aerodynamic diameter (MMAD) in micrometers, and the percentage that is less 
than 6 micrometers, particularly less than 5 micrometers, is indicative of desirable 
10 particle size for inhalation into the lungs. 

Several DISKHALER™ devices should be employed. The DISMALER"* has a screen which 
serves to direct an air jet, thus helping to entrain the particles in the air jet. The 4-blister 
compartment would be removed from the holder portion of each DISKHALER m . 

15 

A dosage of each of the spray dried spherical hollow particulates would be respectively 
loaded onto the bottom of the holder portion of a DISKHALER™, the bottom serving as a 
carrier surface. Next, each DISKHALER™ with its respective medicament would be 
attached to an AEROBREATHER™ for dispersion of the medicament from the carrier. The 
20 AEROBREATHER™ is a device that simulates inspiration by a human through the mouth at 
60 liters/minute, with an acceleration of 19 liters/second 2 and a total volume of 1 liter. 

The inspired powder (which would be approximately 1 milligram) then would be drawn 
into the AEROSIZER™ unit for aerodynamic particle size analysis. The photomultiplier 
25 tubes of the AEROSIZER 1 * would be operated at 1100 volts, and the data would be 
analyzed in an auto-combine mode with software version 5.02.37 available from API of 
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Hadley, Massachusetts. As noted above, the extent to which the powder is dispersed is 
measured by the MMAD in micrometers, and the percentage that is less than 6 
micrometers, particularly less than 5 micrometers, is indicative of desirable particle size 
for inhalation into the lungs. 

The results for the dispersed spray dried spherical hollow medicament particulates should 
be a MMAD from about 0.5 to about 7 pm, particularly about 1 to about 4.5 pm, and a °/o 
mass < 6pm of about 30% or more, particularly about 50% or more, and most 
particularly about 70% or more. Also, the spherical hollow particulates of the present 
invention should be deposited deeper in the lungs than are conventional micronized solid 
particulates (with substantially the same geometric diameter) from a dry powder 
inhalator. 

Example lit 

Use of hollow particulates in pressurized aerosol metered dose inhalators . 
The following is a discussion of how an inhalator that is a pressurized aerosol container 
with a valve may be employed with the spherical hollow medicament particulates of the 
present invention, such as the Amil HCI made in Example I. 

Example formulations suitable for a metered dose inhalator according to this invention 
include (I) a suspension consisting essentially of spherical hollow medicament 
particulates of respirable size and 1,1,1,2-tetrafluoroethane; and (ii) a suspension of 
spherical hollow medicament particulates of respirable size, 1,1,1,2-tetrafluoroethane, 
oleic acid and sufficient ethanol to solubulize the oleic acid. 
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The spherical hollow medicament particulates should be added to a high shear blender 
(i.e., mixer) which contains, for instance, 1,1,1,2-tetrafluoroethane propellant 
(colloquially known under the trade name, HFC-134a) and lecithin suspending agent 

5 However, the vapor pressure of 1,1,1,2-tetrafluoro-ethane propellant at 68°F is 68.4 psig, 
and hence, the vapor pressure is too great to meet the U.S. Government Department of 
Transportation requirements for use in aerosol containers when the containers are 
transported and temperatures can go up to 130°F. Thus, a vapor pressure depressant, 
such as a glycol ether (i.e., 2-butoxyethanol) or an alkyl acetate (i.e., butyl acetate) should 
10 be used together with 1,1,1,2-tetrafluoroethane propellant so that the resultant 
suspension in the aerosol container meets the Department of Transportation 
requirements and has a vapor pressure of less than 180 psig at 130°F. 

Also, since 1,1,1,2-tetrafluoroethane propellant has a low boiling point of -15.5°F (- 
15 26.5°C) so that it would volatilize during procedures at or near room temperature, then 
the mixer should be maintained well below room temperature to prevent evaporation. 
Alternatively, a sealed mixer (one in a closed system with the container) may be 
employed. 

20 Once a homogenous suspension is obtained, it is filled into aerosol containers. During 
the filling, the mixer can be used to maintain adequate suspension throughout the entire 
filling circuit by continuously circulating the suspension through the concentrated filling 
unit 

25 Because, as noted, 1,1,1,2-tetrafluoroethane propellant has a high vapor pressure, care 
must be taken during filling as filling through the valve of the container is difficult with 
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such high pressure propellants. With one technique, the entire formulation is prepared in 
a low temperature pressure vessel and then filled through the valve into evacuated, 
previously crimped containers. 

5 With an alternative technique, the propellant is not placed in suspension with the 
medicament and suspending agent prior to filling. Rather, filling of the suspension of 
medicament and suspending agent into each container is accomplished in a controlled 
environment, after which the valve is crimped in place onto the containers. Subsequently, 
the high pressure 1,1,1,2-tetrafluoroethane propellant is added through the valve. 

10 

As noted above, the extent to which a medicament is dispersed may be measured by its 
mass median aerodynamic diameter (MMAD) in micrometers, and the percentage that is 
less than 6 micrometers, particularly less than 5 micrometers, is indicative of desirable 
particle size for inhalation into the lungs. 

15 

Accordingly, like the results noted above in Example II for the spray dried spherical 
hollow medicament particulates dispersed from a dry powder inhalator, the results for 
the spray dried spherical hollow medicament particulates dispersed from pressurized 
aerosol containers should be a MMAD from about 0.5 to about 7 pm, particularly about 1 
20 to about 4.5 pm, and a % mass < 6pm of about 30% or more, particularly about 50% or 
more, and most particularly about 70% or more. Also, the spherical hollow particulates 
of the present invention should be deposited deeper in the lungs than are conventional 
micronized solid particulates (with substantially the same geometric diameter) from an 
aerosol inhalator. 

25 
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It will be understood that various details of the invention may be changed without 
departing from the scope of the invention. Furthermore, the foregoing description is for 
the purpose of illustration only, and not for the purpose of limitation — the invention 
being defined by the claims. 
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CLAIMS 

What is claimed is: 

1. A process for dispersing medicament from an inhalator device, the inhalator being 
adapted for containing at least one dose of medicament, said process comprising: 

(a) providing an inhalator which contains at least one dose of 
medicament comprising spherical hollow medicament 
particulates of respirable particle size suitable for deposition in 
a human being's lungs, and 

(b) activating the inhalator to cause the spherical hollow 
medicament particulates to be removed from the inhalator. 

2. The process of claim 1, wherein the spherical hollow particulates of respirable particle 
size have an average mass median aerodynamic diameter from about 0.5 pm to about 7.0 
pm. 

3. The process of any of claims 1 or 2, wherein the spherical, hollow particulates of 
respirable particle size have an average mass median aerodynamic diameter from about 1 
pm to about 4.5 pm. 

4. The process of any of claims 1, 2 or 3 wherein the spherical hollow particulates of 
respirable particle size have more than about 50°/o thereof with a mass median 
aerodynamic diameter less than about 6 pm. 
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5. The process of any of claims 1 through 4, wherein the spherical hollow particulates of 
respirable particle size have more than about 70% thereof with a mass median 
aerodynamic diameter less than about 6 pm. 

5 6. The process of any of claims 1 through 5 P wherein the medicament is selected from 
the group consisting of albuterol, amiloride, terbutaline, isoproterenol, metaprotaranol, 
pirbuterol, salmeterol, fluticasone propionate, budesonide. beclomethasone dipropionate, 
disodium cromoglycate, bambuterol, mometasone, insulin, and triacetonide, and 
pharmaceutical^ acceptable salts thereof. 

10 

7. The process of any of claims 1 through 6, wherein the medicament further includes 
therewith an excipient selected from the group consisting of polysaccharides, amino 
acids, lactose, glucose, mannitol, maltodextrins, calcium carbonate, sodium chloride, and 
combinations thereof. 

15 

8. The process of any of claims 1 through 7, wherein the medicament is formulated as a 
dry powdered medicament and the inhalator device is a dry powder inhalator device 
including a medicament carrier adapted for holding at least one dose of dry powdered 
medicament, and the providing in step (a) and the activating in step (b) comprise: 

20 (a)providing a carrier in a dry powder inhalator in which the 

carrier is loaded with at least one dose of dry powdered 
medicament particles comprising spherical, hollow, medicament 
particulates of respirable particle size suitable for deposition in 
a human being's lungs, and 

25 
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(b)providing an air flow to the carrier to entrain and to cause 
initial disaggregation of the spherical hollow medicament 
particulates and to remove them from the carrier. 

9. The process of any of claims 1 through 8, further including the step of (c) depositing 
the removed spherical hollow medicament particulates into a human being's lungs. 

10. The process of claim 1, wherein the medicament is formulated in a suspension 
and the inhalator is a pressurized aerosol container, wherein the container has a 
dispersing valve and is adapted for containing the suspension of medicament, and the 
providing in step (a) and the activating in step (b) comprise: 

(a) providing a pressurized, aerosol container having a valve and 
containing therein a suspension of (i) at least one dose of 
spherical hollow medicament particulates of respirable particle 
size suitable for deposition in a human being's lungs, and (ii) a 
propellant, and 

(b) activating the valve of the pressurized aerosol container to 
cause the suspension of spherical hollow medicament 
particulates to be removed from the pressurized aerosol 
container. 

11. The process of claim 10, wherein the propellant is selected from the group 
consisting of a chlorofluorocarbon, an environmentally safe propellant, and combinations 
thereof. 
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12. The process of any of claims 10 or 11. wherein the propellant is an 
environmentally safe propellant selected from the group consisting of perfluoroethane, 
1.1,-difluoroethane, monochlorodifluoromethane. 1,1,1,2-tetrafluoroethane, and 
combinations thereof. 

13. The process of any of claims 10 through 12, further including (i) the aerosol 
container containing therein a suspending agent and (ii) the spherical hollow 
medicament particulates being in a suspension with the suspending agent. 

10 14. The process of claim 13, wherein the suspending agent is selected from the 
group consisting of oleic acid, partial esters of common fatty acids and hexitol 
anhydrides, lecithin, and combinations thereof. 

15. The process of any one of claims 10 to 14. wherein the medicament 
1 5 particulates and the propellant have substantially the same geometeric density. 

16. An inhalator device comprising an inhalator which contains at least one dose 
of medicament particles comprising spherical hollow particulates that are of respirable 
particle size suitable for deposition in a human being's lungs. 



20 



17. The inhalator device of claim 16. wherein the spherical hollow particulates of 
respirable particle size have an average mass median aerodynamic diameter from about 
0.5 \xm to about 7.0 Jim. 
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18. The inhalator device of claim 16 or 17, wherein the spherical hollow 
particulates of respirable particle size have an mass median aerodynamic diameter from 
about 1 ym to about 4.5 pm. 

5 19. The inhalator device of any of claims 16 through 19, wherein the spherical 
hollow particulates of respirable particle size have more than about 50% thereof with a 
mass median aerodynamic diameter less than about 6 pm. 

20. The inhalator device of any of claims 16 through 19, wherein the spherical 
10 hollow particulates of respirable particle size have more than about 70% thereof with a 

mass median aerodynamic diameter less than about 6 \xm. 

21. The inhalator device of any of claims 16 through 20, wherein the medicament 
is selected from the group consisting of albuterol, amiloride, terbutaline, isoproterenol, 

15 metaprotaranol, pirbuterol, salmeterol, fluticasone propionate, budesonide, 
beclomethasone dipropionate, disodium cromoglycate, bambuterol, mometasone, insulin, 
and triacetonide, and pharmaceutical^ acceptable salts thereof. 

22. The inhalator device of any of claims 16 through 21, wherein the medicament 
20 further includes therewith an excipient selected from the group consisting of 

polysaccharides, amino acids, lactose, glucose, mannitol, maltodextrins, calcium 
carbonate, sodium chloride, and combinations thereof. 

23. The inhalator device of any of claims 16 through 22, wherein the inhalator 
25 comprises a dry powder inhalator including a medicament carrier adapted for holding at 
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least one dose of medicament and the spherical hollow medicament particulates are in a 
dry powder form and loaded in the carrier. 

24. The inhalator device of any of claims 16 through 21, wherein the inhalator 
5 comprises a pressurized aerosol container having a dispersing valve and being adapted for 
containing at least one dose of medicament and the spherical hollow medicament 
particulates are in a suspension form with a propellant and the pressurized aerosol 
container contains therein the suspension. 

10 25. The inhalator device of claim 24, wherein the propellant is selected from the 
group consisting of a chlorofluorocarbon, an environmentally safe propellant, and 
combinations thereof. 

26. The inhalator device of claim 25, wherein the propellant is an environmentally 
15 safe propellant selected from the group consisting of perfluoroethane, 1,1,- 

difluoroethane, monochlorodifluoromethane, 1,1,1,2-tetrafluoroethane, and 
combinations thereof. 

27. The inhalator device of any of claims 24 through 26, wherein the pressurized 
20 aerosol container further contains therein a suspending agent and wherein the spherical 

hollow medicament particulates are in a suspension with the suspending agent. 

28. The inhalator device of claims 27, wherein the suspending agent is selected 
from the group consisting of oleic acid, partial esters of common fatty acids and hexitol 

25 anhydrides, lecithin, and combinations thereof. 
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29. The inhalator device of any of claims 24 through 28, wherein the medicament 
particulates and the propellant have substantially the same geometric density. 

30. The inhalator device of any of claims 16 through 21, wherein the inhalator 
5 comprises a dry powder inhalator containing at least one dose of pure medicament 

formed of spherical hollow medicament particulates in dry powder form. 

31. A formulation for a metered dose inhalator comprising a suspension consisting 
essentially of spherical hollow medicament particulates of respirable size and 1,1,1,2- 

10 tetrafluoroethane. 

32. A formulation for a metered dose inhalator comprising a suspension of 
spherical hollow medicament particulates of respirable size, 1,1,1,2-tetrafluoroethane, 
oleic acid and sufficient ethanol to solubulize the oleic acid. 

15 
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